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Aim: The smallholder dairy industry in Eastern Africa continues to be characterized by seasonality 
driven milk fluctuations and reproductive performance of dairy cows. In this review, we present 
important effects of changes in seasons on water, feed quantity and quality, milk yield and 












Methods: We considered peer-reviewed publications from 1990 to 2019, and extracted any 
information pertaining to the effects and intensity of changes in seasons and implications on water, 
feed quality and quantity, milk yield and reproductive performance.  
Results: Seasonal variation in rainfall, characteristic of the East Africa region, is strongly reflected 
in cropping and feeding calendars. Hence, 305-days lactation milk production per cow in Eastern 
Africa ranges from 850-3150 kg/cow/year, which has not increased, partly because of lack of 
improvement in nutrition and management, but also due to slow genetic selection of breeds that 
matches available feed to milk yield and reproductive performance. High milk fluctuations arise 
mostly because of farmers’ dependence on rainfall for feed production and rarely make provisions 
for preserving fodder for the dry season, as there isn’t adequate forage (fodder and pasture) even 
during the wet season. 
Conclusion: For the smallholder dairy farmers to remain competitive, it is important to increase the 
dairy value chain capability to manage implications of changes in seasons on milk yield and 
reproduction. Therefore, in order to overcome the current seasonal changes, we have discussed 
technological interventions in adoption of practical, sustainable farmer-led strategies for optimizing 
water and feed production, milk yield and reproductive performance in Eastern Africa. We have 
also identified knowledge gaps where research is needed to guide dairy value chain stakeholders 
on how to ameliorate current seasonal changes or that we expect will occur in the future.  
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1. INTRODUCTION  
 
Seasonality in milk production is a crucial factor 
in smallholder dairy farms (SDFs) with livelihood 
strategies [1] revolving around  seasonal patterns 
[2] of water and forage availability and 
corresponding agro-climatic variability [3]. 305-
days lactation milk yield per cow from SDFs in 
Eastern Africa varies from 850-3150 kg/cow/year 
[4,5], which is low in comparison to milking cows 
in more intensive dairy farms in Europe and 
North America that produce, on average, 7800 
kg/cow [6–8]. Studies in Eastern Africa have 
documented a decline in milk production during 
the dry season, following significant seasonal 
variation in rainfall and feed availability [9,10].  
 
Therefore, annual average milk yield per cow per 
305-days lactation obtainable was less than 2000 
kg from pure dairy breeds, 1000 from cross 
breeds and 500 kg from indigenous cows in 
Eastern Africa [5,10–12]. Studies have also 
described high milk variability during the dry 
season among SDFs compared with their large 
scale counterparts [13], and suggested that in 
the smallholder dairy farming context, seasonally 
determined milk fluctuation is significantly 
determined by dairy cattle nutritional status [14]. 
High milk fluctuations in SDFs arise because 
most farmers, firstly, depend on rainfall for feed 
production and rarely make provisions for 
adequate green feed and fodder preservation for 
the dry season. Secondly, due to small land 
sizes [15]. Thirdly, in addition to seasonality of 
feed supply, the diets are largely made of low 
quality feed products such as crop residues 
between 30-35% and native pastures of poor 
nutritive value (56% - 90%). Hence, the potential 
of smallholder dairy cows for milk yield and 
reproductive performance are never attained [5].  
 
In general, seasonal effects (factors) are not new 
to on-farm research and farming systems 
research, but needs to be further investigated 
[13]. SDFs have priorities for different types of 
feed-food crops according to their vulnerability to 
seasonality [16]. They allocate their land, labour 
and other inputs according to these priorities 
[17,18]. SDFs produce milk in diverse production 
environments [13], where productivity of dairy 
breeds is increasingly challenged directly and 
indirectly with the impacts of the ever changing 
climate [19]. Milk decline and fluctuation is as a 
result of seasonality related changes is usually 
linked to the ‘milk deficit/gap’ [5,8]. This usually 
occurs towards the end to early half of the year, 
linked to the dry season, the end of which is 
considered to be the most desperate period for 
SDFs. Main causes are decreased availability of 
good quality and quantity forages and water, 
hence reduction in milk production and increased 
work-loads [4]. In adopting to impacts of climatic 
changes, SDFs in Eastern Africa keep dairy 
cattle with generally low production potential [11], 
[20], since they rely on indigenous breeds 
[21,22], and associated poor reproductive 
management which reduces the productive and 
reproductive efficiency [23].  
 
The development of the smallholder dairy 
industry in Eastern Africa must not only be 











increasing human population [24], but also as a 
livelihood in the existing SDF systems [2]. The 
potential for increasing production in SDFs is 
considerable. However, this can only be 
achieved in a secure and sustainable way 
through comprehensive studies of their current 
production methods and constraints that slow 
down improvement [8], [25]. During the recent 
past, considerable developments in improving 
the productivity of smallholder dairy cattle in 
Eastern Africa has been observed. However, 
there has also been an increasing recognition of 
the fact that the performance of dairy cattle on 
smallholder farms do not always mirror those of 
farmers in medium to large scale farms [23].  
 
The purpose of this review was to assess the 
effects of seasonal changes in water and feed 
quality and quantity, with particular emphasis on 
their influences on milk yield and reproductive 
performance; and eventual influence on seasonal 
milk fluctuations. We reviewed the most common 
constraints imposed by locally available feed 
resources and feeding systems, with outline of 
conventional approaches to feeding dairy cattle 
and their usefulness for SDFs. We then sought to 
widen the discussion as to whether seasonal 
changes in feed and water quality and quantity 
are the main cause of milk fluctuations and low 
reproductive performance in SDFs. We finally 
drew conclusions on the issues considered and 
suggested recommendations on future work on 
this topic. Therefore, the main objectives of this 
review paper were, a) to determine the existing 
seasonal changes in water, feed quality and 
quantity and their effects on milk yield and 
reproductive performance of dairy cows in SDFs, 
and b) to determine the opportunities and 
problem oriented approaches/interventions for 
overcoming seasonal milk fluctuations and low 
reproductive performance of dairy cows in SDFs 
in Eastern Africa. 
 
2. WATER AVAILABILITY AND QUALITY 
 
Seasonal changes in water availability and 
quality has been observed in Eastern Africa, with 
SDFs experiencing challenges of meeting water 
requirements for dairy cattle. Comprising 50-80% 
of a cow's body, depending on age, and 
essential for all cellular functions as well as milk 
production [26], the transport of nutrients and 
excretion of waste products, water is the single 
most important dairy nutrient, as it is also vital to 
the regulation of body temperature. [27], 
investigated factors affecting amount of water 
offered to dairy cattle and their effects on 
productivity in central Kenya. He found that the 
amount of water seasonally offered per cow per 
day was 13.4 litres to 35.6 litres per 300 kg live 
weight (LW), with high variability ranging from 7 
to 108 litres per 300 kg LW/day. This availability 
was way below the ratio of drinking water to milk 
production by lactating cows that is estimated at 
2.00-5.00 litres of water per kg of milk [28], or at 
least 60 litres of water/cow/day, which may 
increase up to 100 litres or more depending upon 
breed (size), feed intake, weather conditions, 
milk production, and stage of lactation [26]. 
 
Water availability, and hence frequency of 
watering, per cow per day in Eastern Africa is 
highly seasonal, and affected by the type of 
water source (mainly rivers, dams, wells and 
bore holes), distance to water source, 
transportation means, storage facilities, watering 
frequency, volume of watering rack/trough 
[29,30,31]. These variables in turn influenced the 
daily maintenance energy [32], required by the 
dairy cow to have water and feed (includes 
superficial protein losses caused by the 
replacement of hair, hooves, dermal epithelial 
desquamation, and sebaceous glands); breed 
and body size (local zebu, exotic breeds and 
their crosses); dry matter and nutrient intake; and 
eventual milk yield. These observations were 
similarly reported in a study by [33] in Zimbabwe 
and [34] in Rwanda.  
 
Dairy cows in SDFs [27], spent more time, in 
excess of 7.0 hours per day or up to 7.0 km or 
more, walking in search of drinking water 
(seasonal rivers and communal wells/bore 
holes), including feed, resulting into more 
maintenance energy wastage and poor 
performance (milk yield, growth and 
reproduction), due to decreased feed intake and 
negative energy balance. Feed and water were 
also ranked as the two main constraints and 
challenges of meeting requirements for dairy 
cattle in Ethiopia [30], with reduced water 
availability and of poor quality, as a major 
concern to SDFs within rural, peri-and-urban 
settlements. Poor water sources, hence quality 
(valley dams and rivers) were reported as a 
major cause of higher water borne disease and 
parasites’ occurrences, for example helminth 
infestation (helminthiasis) in Rwanda [34] and 
Kenya [27].  
 
3. FEED SOURCES 
 
Throughout Eastern Africa, forage feed 
resources available in SDFs for feeding dairy 
cattle consists of (1) dry roughage (straw, stover, 











legume crops); (2) home grown fodder and green 
grass (non-cultivated indigenous grass, crop field 
weeds, road & embankment side grass, water-
hyacinth, cultivated fodders, legumes, non-
legume and perennial grasses from fallow lands 
and forests); (3) vegetables and fruit by-products 
(Jack fruit, pineapple, banana, mango, cabbage 
and other kitchen waste); (4) shrubs and fodder 
tree leaves; and (4) cereal grain and by-products 
(maize, wheat, rice, oats, barley). Among 
concentrate feed supplements, the commonly 
available feed resources are agro-industrial by 
products (rice bran, wheat bran, oil cakes, and 
molasses), marine and animal by products 
(fishmeal, shrimp waste, blood meal and bone 
meal) and homemade/commercial dairy ration 
[35,36]. 
 
However, practical feeding strategies for dairy 
cattle in SDFs across Eastern Africa are mainly 
based on natural pasture (green grasses), crop 
residues and by products of cereals, oil seeds 
and pulses [14,37,38]. Natural green grasses are 
available extensively during the rainfall season, 
while some cultivated fodder (i.e. Napier grass), 
forage legumes and fodder trees/shrubs are 
grown sporadically in some areas of Eastern 
Africa [14,39]. During dry season months of the 
year, availability of green grass and cultivated 
fodder is very limited and therefore dry crop 
residues (i.e. stovers, straws, hulls and haulms) 
alone contributes 60-87% of roughage portion of 
the dairy cattle feed [40]. These crop residues, 
though important sources of roughage, are highly 
seasonal with low nutritive values and therefore 
do not provide adequate nutrients required for 
dairy production [12,41].Consequently, animals 
fed on crop residue like maize stover would 
require supplements of higher nutritive value, 
since dry maize stover has low Crude Protein, 
CP (2.5% of dry matter) and is highly fibrous with 
neutral detergent fibres (NDFs) exceeding 70% 
of dry matter, DM [42]. Feed sources (quantity 
and quality) fluctuates between seasons (wet 
and dry), due to erratic and poor distribution of 
rainfall [9]. 
 
The Feed Assessment Tool (FEAST, 
www.ilri.org/feast) for assessing local feed 
sources and utilization in SDFs [14], was applied 
in this review to determine relative contributions 
of the different feed sources to year-round 
availability and utilization in Kenya and Tanzania 
(Fig. 1) in relation to rainfall variability (long term 
mean, LTM, monthly rainfall, mm). Year round 
feed sources, with the exception of concentrates 
supplements, in both Kenya and Tanzania varied 
seasonally between the wet season from                
March to June, September to November and the 
dry season from December to February,                    
July to August. Therefore, as a lesson to reduce 
feed scarcity in SDFs, across Eastern                     
Africa, there is need for proper planning 
(seasonal feeding calendars) and minimal 
dependence on rain-fed production. Feeding 
strategies for dairy cattle in response to seasonal 
availability and utilization of feedstuffs      
throughout the year can be based on                
optimizing the use of crop residues, total mixed 
rations and supplementation of legumes                 





Fig. 1. Year round seasonal changes in feed sources with rainfall variability in Kenya and 
Tanzania in Eastern Africa 
NB: NS=Not Significant; *Significance level (P≤0.05); ** Significance level (P≤0.001); ** Significance level 
(P≤0.01); LTM, Long term mean rainfall (mm); Score, 0-5, where: 0=none, 1=moderately low, 2=low, 
3=moderately high, 4=high and 5=very high availability) 
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4. FEED RESOURCE AVAILABILITY 
 
Seasonality determined feed availability 
(quantity) has significant influence on dairy cattle 
nutritional status in Eastern Africa. In this region, 
feed availability can vary the productivity of dairy 
from boosting milk production in times of plenty 
(wet season) to mere survival in times of scarcity 
(dry season), as similarly reported by [23,43–
45,40], sought to investigate the availability and 
utilization of feed resources in Kenya, and found 
that roughages from a variety of sources were 
the main feeds, especially during the dry season. 
Other feeds available, were herbages such as 
leguminous feeds that had the lowest potential 
dry matter degradability (DMD) and weeds 
harvested from cropland and roadsides, which 
had the highest DMD.  
 
[46], investigated the effect of seasonality on 
availability of feed resources on dairy cattle 
productivity in coastal lowlands of Kenya, and 
reported that productivity was low. This was 
attributed to low genetic potential of the dairy 
cows and inadequate forage due to seasonality 
of availability. Forages available in SDFs were 
mostly of moderate quality, especially during the 
dry season, with average high rumen 
degradability, ranging from 30 to 65% [40]. There 
was also an acute deficit in dry matter (DM) 
availability during the dry season, and majority 
(>70%) of SDFs did not provide any feed 
supplement during dry season or conserve 
excess pasture produced in the wet (rainfall) 
season [30], [47]. 
 
As a result of season variation, cultivated fodder, 
like Napier grass contains moderate crude 
protein (CP) content (6-12%) during the wet 
season, but declines to less than 5% during the 
dry season [48]. Therefore, availability and 
quality of feed crops and forage may be affected 
more by extended dry season conditions due to 
variations in concentrations of water-soluble 
carbohydrates and nitrogen [49–52]. 
Furthermore, temperature increases may 
increase lignin and cell wall components in 
forages, which reducedigestibility and 
degradation rates, leading to a decrease in 
nutrient availability for dairy cattle [12,53]. 
 
In Eastern Africa, feeding dairy cattle during the 
dry season period is a regular challenge for 
SDFs. Similarly, during the wet (rainfall) season, 
feeding dairy cattle may be restricted in 
cultivated regions, when food crops are being 
cultivated, hence “starvation in the green”. These 
seasonality determined changes in feed and 
forage availability, quality and usage during wet 
and dry seasons, affects the year round feeding 
calendars, options/strategies and patterns, which 
in turn results into seasonal fluctuations in milk 
yield, growth and reproductive performance. 
 
5. ROUGHAGE QUALITY AND QUANTITY 
 
In Eastern Africa, variation in the quality (and 
availability/quantity) of roughage during different 
seasons (wet and dry), significantly affects milk 
yield (and its quality) and reproductive 
performance of dairy cows in SDFs [50]. 
Seasonality (rainfall and temperature) affects 
roughage quality (and quantity) in terms of both 
energy intake [12,54], and that which is available 
for milk yield and performance (growth and 
reproduction). This also directly affects the 
utilization of other feed nutrients (proteins, 
minerals and vitamins) because in many cases 
nutrient requirement is a function of available 
energy [55]. According to [26], roughages tend to 
be more highly digested during the dry season 
(or warm conditions) than when the same diet is 
fed to dairy cattle during the wet season (or 
exposed to cold temperatures). However, the 
quality of roughages seems to be better during 
the wet season, but preserving carried over plant 
biomass for use as standing hay during the dry 
season reduces production [42]. 
 
Energy and protein intakes from roughages fed 
to dairy cows in Eastern Africa during the dry 
season is insufficient to meet the requirements 
due to the high levels of fibre concentration 
(ADF-acid detergent fibre and NDF-neutral 
detergent fibre), lignin, and in some instances, 
anti-nutritive factors. Hence, for SDFs, it’s 
important to emphasize the need to consider 
available energy from roughage feed, in the light 
of seasonality and to adjust rations to enhance 
efficient utilization of all feed nutrients. [46], 
found a high variability in roughage quality 
among farm types in Kenya, due to different site 
conditions (agro-ecology), seasonality and 
varying forage management that resulted into 
significant differences in milk yield. 
 
The wet season period in Eastern Africa is 
characterized by forage biomass, which is higher 
in quality and quantity, with crude protein up to 
9% in most of the natural (native) grasses [41]. 
Natural grasses and legumes are rich and highly 
digestible at this period. As the dry season sets 
in, the protein level drops and the fibre increases  











intake decreases which makes it a poor feed, 
resulting in weight loss and decreased fertility 
and milk yield for about 4 to 5 months of the 
year. The severity and duration of low-quality 
feed differs in Eastern Africa. Further, also during 
the wet season period the nutrient content of 
natural grasses on average is about 25% dry 
matter; 10% crude protein; 6% ash and a fibre 
content of 35% crude fibre or 43% acid detergent 
fibre (ADF) [41]. As the dry season advances 
and conditions become severe, their nutritional 
quality declines to the extent that crude protein 
could fall to as low as 2% [56]. Ash values also 
decline to about 3 to 4% as a result of 
translocation to the root system, while fibre 
content increases in response to the process of 
lignification, and sometimes the crude fibre could 
be as high as 50 or 60% ADF [57,58].  
 
The ability of rumen microorganisms to digest 
cell polysaccharides in roughages, consisting 
mainly of cellulose and hemicellulose is limited 
by lignin. Since fibre is often used as a negative 
index of nutritive value in predicting the total 
digestible nutrient (TDN) and net energy, the 
available energy from roughages during the dry 
season is likely to be low in relation to roughage 
yield [26]. The consequences for dairy animals 
are low feed intake (about 1.2 kg DM/100 kg live 
weight) and low performance [26,57]. Therefore, 
roughages, being more fibrous in nature during 
the dry season require that their quality be 
upgraded through supplementation for effective 
utilization by dairy cattle. 
 
[56], demonstrated that dairy cows fed with urea-
treated wheat/rice straw had similar milk yield to 
that of cows feed with fresh grass. However, milk 
of the cows fed urea treated wheat/rice straw had 
a higher milk fat content and net income as 
compared with the milk produced by cows fed 
un-treated straw or fresh grass. The seasonal 
effects on roughage (forage) quality in the 
highlands and lowlands areas of Kenya in 
Eastern Africa were systematically reviewed 
(Table 1). The quality of roughage was better in 
the wet season, compared to the dry season. 
Hence, feed quality fractions, namely dry matter 
(DM), crude protein (CP), ash, organic matter 
(OM), acid detergent fibre (ADF) and 
metabolizable energy were slightly higher during 
the wet season, compared to the dry season 
period. Across Eastern Africa, the feeding value 
of roughage forage, reduces in the dry season, 
as during this period roughage comprises mainly 
crop residues (by products and wastes) and low 
quality pastures (straws and standing hays). 
6. FEEDING FREQUENCY AND FEED 
INTAKE 
 
The dry season in Eastern Africa is associated 
with low or no rainfall, and feed for smallholder 
dairy cattle advances in maturity and declines in 
quantity and quality, compromising feeding 
systems [11], [54,60,61]. These are the 
conditions under which the ability of the animal to 
derive nutrients from the diet are restricted, not 
only by the highly refractory nature of plant fibre 
to microbial attack, but also by the decline of 
protein and minerals to inadequate levels for 
both the fermentative microbes and the tissues of 
the animal [62]. As a consequence, all aspects of 
dairy cattle production are dominated by climate-
regulated supply of feed between wet and dry 
seasons, as the feed available changes in quality 
from supra-maintenance to maintenance and 
finally sub-maintenance [26]. 
 
Therefore, the potential undesirable impacts of 
seasonal influence on feeding frequency and 
intake of smallholder dairy cows can be 
intensified more during the dry season period 
(unlike the wet season period), when cows do 
not have good access to quantity and quality 
feed. During the dry season period in SDFs, 
feeding frequency is low (due to limited feed and 
water availability), limiting the ability of 
smallholder dairy cows to access feed (in right 
quantity and quality) at times when feeding 
motivation is high [26]. The low feeding 
frequency, reduces the feeding rate, at which 
cows feed throughout the day. This results into 
cows having fewer meals per day, and shift in 
their feeding behavior and intake patterns, which 
tend to be larger and longer as the dry season 
progresses. 
 
These seasonal effects on feeding frequency, 
hence intakes, and the potential reduction in dry 
matter intake (DMI), may be greatest for 
transition dairy cows in both the highlands and 
lowlands of Eastern Africa. The seasonal effects 
on feed and nutrients intake by smallholder dairy 
cows in highlands and lowlands areas in Eastern 
Africa were systematically reviewed (Table 2). 
Daily DM, OM, ash, ADF and ME in feed and 
hence intake by smallholder dairy cows in dry 
season were slightly lower, compared to the wet 
season. Similarly, the CP, rumen degradable 
protein (RDP) and rumen un-degradable protein 
(RUDP) intake by smallholder dairy cows were 
higher in wet season compared to the dry 












Table 1. Seasonal effects on roughage (forage) quality in highlands and lowlands areas of 
Kenya in Eastern Africa 
 
Feed Parameters Mean Value Reference 
Wet Season Dry Season 
DM, kgDM  8.53 5.40 [46] [59] [48] 
CP, g/kgDM  839 386 
Ash, g/kgDM  0.94 0.75 
OM, g/kgDM  7.62 4.63 
ADF, g/kgDM  2.92 1.25 
ME, MJ/kgDM 8.24 7.27 
Level of significance: **P < 0.01; 
1
LSD = least significant difference; DM=Dry matter; CP=Crude protein; 
OM=Organic matter; and ADF=Acid detergent fibre; ME=Metabolizable energy 
 
Table 2. Seasonal effects on feed and nutrients intake by smallholder dairy cows in highlands 
and lowlands areas of Kenya in Eastern Africa 
 
Feed Parameters Mean Value Reference 
Wet Season Dry Season 
DM, kg/DM  7.00 6.93 [46] [59] [48] 
M/D, g/kgDM  70.23 40.20 
CP, g/kgDM  664 561 
RDP, g/kgDM  358.5 296.0 [68] 
[69] 
[70] 
RUDP, g/kgDM  305.6 265.4 
Ash, g/kgDM  0.76 0.93 
OM, g/kgDM  6.27 5.98 
ADF, g/kgDM  2.60 1.57 
ME, MJ/kgDM 7.90 7.61 
Roughage: concentrate 1.61:1 2.64:1 [26] 
[63] ME, MJ/kgDM (req.)   68.9 66.1 
Protein deficit, g/kgDM -197.2 -237.3 
RDP, g/d (req.) 538.0 515.0 
NS = not significant, *P < 0.05, **P < 0.01; req.=requirement; 
1
LSD = least significant difference. Source: The 
values of rumen degradable protein (RDP) and rumen un-degradable protein (RUDP); Energy values 
 
The ratio of roughage to concentrate was higher 
during the dry season, compared to the wet 
season, as slightly more concentrates (mainly 
cereal grains by products and molasses), are 
utilized during this period to supplement the poor 
quality and quantity forages. However, in both 
the wet and dry seasons, the daily protein, rumen 
degradable protein (RDP) and ME intake as per 
live body weight gain and milk yield were below 
the requirements [26,63]. In smallholder dairy 
cattle production systems, the feeding frequency 
can greatly influence feeding behavior patterns, 
and this also affects cow health and productivity 
[64].  
 
Therefore, providing feed two times daily or more 
often has been demonstrated to contribute to 
more consistent nutrient intakes over the course 
of the day, as compared to feeding once daily. 
Such desirable feeding patterns are conducive to 
more consistent rumen pH [65], which likely 
contributes to improved milk fat and fibre 
digestibility [66]. Further production efficiency 
[67], observed is higher when cows are fed more 
frequently than once daily.  
 
7. FEEDING STRATEGIES AND COST 
 
Feeding strategies are an important indicator of 
the intensity of dairy production [5], where the 
quantity of feed that can be consumed by a dairy 
cow depends on the interactions among live 
body weight, level of intake, rumen fill, passage 
rate, specific gravity (buoyancy), neutral 
detergent fibre (NDF) content, particle size, 
particle fragility/tensile strength and digestion 
rates of potentially digestible NDF versus 
indigestible NDF fractions [26]. Clear seasonal 
differences have been observed in SDFs 
between feeding strategies in the rainfall (wet) 
and the dry season, with an abundance of green 
forage in the rainfall season and a lack of forages 
in the dry season, when farmers resort mainly to 











[40] and [46]; [9] and [71]; and [72], assessed the 
production, economics and estimated methane 
emissions from traditional (existing) and 
optimized feeding strategies (alternative and 
intermediate feeding) in small scale dairy farms 
in highlands and lowlands of Kenya, Uganda and 
Tanzania, during both dry and rainfall (wet) 
seasons. Basal feeding during the wet and dry 
seasons was based on grazing pastures and 
green or dry crop residues (mainly weeds, cereal 
crop thinning’s or by products such as maize 
stover) in the traditional strategy. Basal feeding 
consisted of mainly cultivated fodder and pasture 
(mainly Napier grass) supplemented with some 
dry, green crop residues or maize silage in the 
alternative feeding strategy. Basal feeding finally 
consisted of some cultivated fodder or maize 
silage with mostly crop residues (maize stover 
and cereal straws) in the intermediate feeding 
strategy [73]. 
 
Concentrates offered varied seasonally between 
1-5 kg per cow per day in the wet season and 3-
9 kg per cow per day in the dry season, 
depending also on the specific feeding strategies 
adopted by the farmers, feed availability and cost 
[74]. The alternative feeding strategy produced 
higher milk yields than the intermediate and 
traditional feeding strategies in the dry season. 
Similarly, in the rainfall season, milk yields with 
the alternative feeding strategy were higher than 
the other two strategies. It is was also beneficial 
to increase the inclusion of quality forages like 
cultivated fodder and pastures and maize silages 
during the dry season and to avoid the inclusion 
of mostly straws. Overall, as similarly reported by 
[33] in Zimbabwe, these optimized (alternative) 
feeding strategies in SDFs increase milk yields, 
reduce feeding costs, increase incomes, and 
reduce enteric methane (CH4) emission per kg of 
milk. 
 
Therefore, parallel to increased milk yields and 
lower feeding costs, which result in improved 
profit margins by implementing high quality feeds 
or optimized feeding strategies, there may be an 
enhanced sustainability not only in the economic 
scale, but also in the social scale from better 
incomes, and in the environmental scale from 
lower greenhouse gas (GHG) emissions. [60], 
sought to determine factors affecting milk 
production cost in SDFs using a multiple 
regression model. and reported that some factors 
such as the time spent in dairy cattle farm, 
farmers' dairy farming experience, farmers' 
educational level, farmers' feed procurement and 
conservation, livestock pests and diseases, farm-
made roughage and maize silage production in 
the farm had significant effects on milk 
production costs. Hence, paying attention to 
these factors were explained to have important 
impacts on decreasing farmers' milk production 
costs. 
 
[75], on SDFs in Mexico, sought to evaluate the 
effects of ration cost and ingredient composition 
on milk yield and income over feed cost, and 
suggested that optimal ration formulation rather 
than least cost strategies may be key to 
increasing milk yield and income over feed cost, 
and that profit margin may be affected more by 
quality of the feed rather than the cost. [46], 
carried out a one-year investigation aimed at 
evaluating all incomes and costs with a specific 
focus on the impact of seasonality on feeding in 
32 smallholder dairy farms in coastal lowlands in 
Kenya. 
 
On-fam feeding strategies varied between farms, 
seasons and agro-ecology, depending on the 
cost of on-farm produced feeds; price of 
purchased feeds and the price of milk. In which 
case, feed was the largest farm expense making 
68% of total farm costs. Therefore, constraints 
for improving feeding strategies in SDFs are 
varied but mainly relate to inappropriate feeding 
and management practice applied at dairy farms, 
and include: low to moderate milk yield 
compared to genetic potential of dairy cattle 
breeds, low quality of on-farm produced 
roughages, high costs of arable land rent, high 
costs of inputs necessary to feed production, 
using of relatively high level of expensive 
concentrate feed for low to moderate milk yield 
level and unbalanced feeding of cows during 
different lactation stages. To improve 
performance of SDFs-owned dairy animals, there 
is a need to develop feeding strategies that will 
enhance the quality, quantity and sustained 
availability of feed resources produced on-farm. 
 
8. MILK YIELD AND REPRODUCTIVE 
PERFORMANCE 
 
Milk yield and reproductive performance of dairy 
cattle in Eastern Africa is best at temperatures 
between 100C to 300C [76]. However, 
temperatures frequently rise above this thermal 
comfort zone in most dairy production 
environments, due to seasonal changes in 
climate [50]. Seasonal fluctuations in milk yield 
and reproductive performance in SDFs are, 
therefore, often seen to be most marked during 











or no rainfall [50,77,78]. SDFs face feed 
resources constraints during the dry season 
period, which also worsens with frequent 
droughts and flooding associated with the 
changing climate, witnessed recently throughout 
Eastern Africa [11,18,20]. This is mainly 
associated with reduction in herbage growth rate, 
quality, species composition and DM yield [78]. 
Further, it leads to reduced nutrients available to 
the animals and ultimately leading to seasonal 
milk fluctuations and a reduction in overall 
performance. 
 
[79] reports that for smallholder dairy cows, heat 
and nutritional stresses due to climatic variability, 
reduces herd productivity and profitability through 
increased mortality, reduced growth rates (body 
weight and condition scores), low milk yields, low 
calving rates, late age at first calving and long 
calving intervals, which can be of substantial 
economic loss to SDFs utilizing less adaptable 
breeds. [47], further reports that in their choice of 
dairy breeds, SDFs hardly pay attention to breed 
tolerance and adaptability to the climate related 
stresses. They utilize European/exotic breeds 
(Holstein-Friesian, Friesian, Ayrshire, Guernsey 
or Jersey) in production environments already 
classified as hotspots of climate change 
variability, which include highlands, semi-arid 
rangelands, coastal and great-lakes ecosystems 
in Eastern Africa, where [78], projects an 
increased severity of seasonal climate variability 
and change. 
 
According to [80], in a study in Tanzania, season 
and location differences in quality, quantity and 
composition of milk are due to a combination of 
factors including breed differences, age of the 
cow, lactation stage, season of the year, climate, 
and feeding practices. Further, [7] points out that 
across SDFs in Kenya, dairy cattle breeds 
seasonally differ in average milk composition and 
between individual cows within breeds, there is 
even greater variation, such that groups of 
paternal half-sisters differ significantly in mean 
values of milk fat, solids non-fat, and protein 
content. 
 
Therefore, in Eastern Africa, attaining 
sustainable dairy production (milk yield and 
reproductive performance) requires utilizing 
breeds that are highly adaptable to the 
seasonally variable and changing climate 
including feed and water quality and quantity. 
This is crucial in order to overcome the state of 
insecurities in feeds, nutrition, incomes and 
health of SDFs and their dairy animals. When 
adaptable dairy breeds and feed resources 
(climate smart feeds and forages) are identified, 
they can be promoted in appropriate 
environments. Coupled with appropriate 
management interventions that effectively reduce 
animal stresses, SDFs could mitigate and adapt 
to effects of seasonality driven changes to 
maintain and sustain milk yield and reproductive 
performance. 
 
9. SEASONALITY: IMPLICATIONS FOR 
RESEARCH 
 
Seasonal differences in temperature and rainfall, 
characteristic of the East Africa region are 
strongly reflected in cropping and feeding 
calendars [11,18]. For example, inter-annual 
fluctuations in rainfall can also affect crop residue 
yield, which may in turn affect the ratio between 
edible and non-edible fractions within residues 
[19]. SDFs cultivate a variety of feed-forage 
associations (pasture, fodder, legumes) and 
crops (maize, potatoes, beans, peas) in order to 
increase their returns and simultaneously reduce 
risks and impacts of seasonality [20]. This crop 
diversity on small cultivated areas leads to 
difficulties in providing a constant feeding diet to 
their dairy cattle in a green forage-based system. 
Therefore, dairy feeding decisions for SDFs are 
highly variable considering the complexity of 
animal characteristics, management effects, 
available feed resources and agro-climatic 
variability. 
 
The full expression of an animal's genetic 
potential in terms of milk production and 
reproductive performance depends on the 
provision of adequate nutrition [22]. Genetic 
potential, however, is not the guiding principle for 
farm optimization by SDFs, who have limited 
access to additional feed resources [15,81]. 
Therefore, for these SDFs and development 
agents alike, the fundamental challenge is to 
develop a combination of animals and feeds that 
assures satisfactory levels of growth, 
reproduction and lactation. This must be based 
on large part on the optimal use locally available 
feed resources like crop residues and by-
products. 
 
Milk production is greater from systems growing 
a wide range of forages, including high energy 
forages, but the cost of the increase in 
complexity of such systems is not likely to be 
offset by the increase in income [26]. Therefore, 
most SDFs generally have feeding systems 











cows, where locally farm produced (and 
occasionally purchased) roughage represents 
the major source of feed utilized [5,43]. However, 
low productivity in dairy cattle on roughage 
(forages) results from inefficient utilization (low 
digestibility) of the feed because of deficiencies 
of critical nutrients in the diet [82]. The amounts 
of nutrients that an animal acquires each day 
depend on the quantity of feed consumed and 
the nutrients released per unit of feed as it 
passes through the digestive tract [26]. 
Therefore, utilization of good quality grazing or 
cultivated pastures in SDFs is a good feeding 
strategy that results in higher milk yields to the 
traditional cut and carry strategy using Napier 
grass, as it reduces feeding costs up to 25% and 
increases margins over feeding to 15% [5]. This 
enhances the sustainability of the smallholder 
dairy feeding systems by improving the economic 
scale. 
 
There is lack of nitrogen supply to rumen 
microbes and the animal itself depresses feed 
intake, hence restricted intake and digestibility of 
roughages will remain a constraint in SDFs [83], 
even when the protein supply deficiencies have 
been overcome [12]. However, further research 
is needed to verify these observations and to 
examine the use of low protein supplements to 
reduce nitrogen excretion of dairy cows grazing 
or fed crop residues during the dry season. 
Introduction of improved feeding practices based 
on strategic supplementation of locally available 
feed resources is required not only to enhance 
milk production but also to introduce sustainable 
farming practices that will ensure a continuous 
supply of milk and milk products at lower 
production costs in SDFS for sustainability and 
competitive advantage. 
 
Supplementary feeding of smallholder dairy 
cattle must then be seen as a least-cost system 
which is integrated into the management of an 
enterprise with low stocking rates [62], [84]. The 
end result is tolerating some annual                      
weight loss and expecting a relatively low 
reproduction rate and annual weight gain [19], 
[85]. Within such a management system, 
provision must be made to feed only those 
animals with the greatest need and to ensure the 
safe and uniform distribution of supply to the 
target animals. Finally, care must be taken that 
supplementary feeding does not lead to the 
overgrazing or overutilization of part or all of the 
locally available feed resources with irreversible 
damage to what is generally a fragile     
ecosystem. 
Smallholder dairy cattle feeding systems permits 
the expenditure of only minimal amounts of 
money on supplements and hence the aim is to 
maximize the intake and digestibility of roughage 
by supplying limiting nutrients [26], [62] These 
usually comprise minerals and sources of 
ammonia such as urea for rumen microbes. If the 
animal continues to lose weight at a rate faster 
than desired, protein to supply amino acids to the 
tissues is then added to the supplement and if 
that is not adequate, additional sources of energy 
must be provided [26], [62]. However energy 
supplied as grain or molasses is generally 
expensive and has the further disadvantage of 
acting partly as a substitute rather than as a 




In order to reduce seasonal and inter-year 
fluctuations in feed supply, smallholder dairy 
production systems have to be integrated and 
holistic. Many technical interventions increase 
variability and risk, especially when they depend 
on poorly functioning markets. Reducing the risk 
of adverse seasonal effects requires 
diversification, wider choice of feed-food crops, 
livestock and income-earning activity, marketing 
infrastructure and support, and for SDFs multiple 
sources of food-feed and income. This selective 
agenda of policy and research needs show that 
seasonality matters especially for SDFs, and that 
policies and projects can have components 
which reduce seasonal adversity. It is especially - 
though not only - in those parts of Eastern Africa 
which are remote, semi-arid, or arid and with 
uncertain rainfall that seasonality has become 
and must remain a prominent dimension of policy 
and research. For SDFs to remain competitive, it 
is important to increase industry capability to 
manage the implications of seasonality to milk 
yield and reproductive performance of dairy 
cattle. There is every expectation these seasonal 
changes will be further accentuated and 
sustainable farmer-led feeding decisions must be 




All procedures performed in study involving 
human and animal participants were in 
accordance with the ethical standards of the 
researcher institutional (KALRO and NM-AIST) 
and/or national agricultural research committee 
and with the 1964 Helsinki declaration and its 














Authors are greatly thankful to the NM=AIST and 
the Bill and Melinda Gates Foundation under the 
“The Programme for Enhancing Health and 
Productivity of Livestock (PEHPL)” Project 
(PEHPL, ID: OPP1083453), for the PhD 
scholarship and funding of this research. We 
whole heartedly appreciate Australian Centre for 
International Agricultural Research (ACIAR) and 
ILRI for granting additional fellowship to support 
this work though collaboration with NM-AIST 
under “Sustainable Intensification of Maize-
Legume Based Cropping Systems for Food 
Security in Eastern and Southern Africa 
(SIMLESA II)” Project in Tanzania. Prof. Mizeck 
G G Chagunda, Animal Breeding and Husbandry 
in the Tropics and Sub-Tropics, University of 
Hohenheim, (480h)/70593, Stuttgart, Germany. 
This research was carried out as Ph.D. research 









1. Makate C, Mango N. “Diversity amongst 
farm households and achievements from 
multi-stakeholder innovation platform 
approach: Lessons from Balaka Malawi,” 
Agric. Food Secur.2017;6(1):1–15. 
2. Mcdermott JJ, Staal SJ, Freeman HA, 
Herrero M, Van De Steeg JA, “Sustaining 
intensification of smallholder livestock 
systems in the tropics,” Livest. Sci;              
2010. 
3. Weindl I et al., “Livestock in a changing 
climate: production system transitions as 
an adaptation strategy for agriculture 
Related content Reducing greenhouse gas 
emissions in agriculture without 
compromising food security? Implications 
of climate mitigation for future agr,” 
Environ. Res. Lett. 2015;10. 
4. Richards S et al., “Associations of farm 
management practices with annual milk 
sales on smallholder dairy farms in Kenya,” 
Vet. World. 2015;8(1):88–96. 
5. Duncan AJ, Teufel N, Mekonnen K, Singh 
VK, Bitew A, Gebremedhin B. “Dairy 
intensification in developing countries: 
Effects of market quality on farm-level 
feeding and breeding practices,” Animal. 
2013;7(12):2054–2062. 
6. Borreani G et al., “Effect of different 
feeding strategies in intensive dairy 
farming systems on milk fatty acid profiles, 
and implications on feeding costs in Italy,” 
J. Dairy Sci. 2013;96(11):6840–6855. 
7. Ojango JMK et al., “Genetic evaluation of 
test-day milk yields from smallholder dairy 
production systems in Kenya using 
genomic relationships,” J. Dairy Sci. 
2019;102(6)5266–5278. 
8. Mayberry D et al., “Yield gap analyses to 
estimate attainable bovine milk yields and 
evaluate options to increase production in 
Ethiopia and India,” Agric. Syst. 
2017;155:43–51. 
9. Atuhaire AM, Mugerwa S, Okello S, 
Lapenga KO, Kabi F, Kabirizi JM. 
“Prioritization of Crop Residues for 
Improving Productivity on Smallholder 
Dairy Farming Households in the Lake 
Victoria Crescent, Uganda,” Open J. Anim. 
Sci. 2014;04(02)103–111. 
10. Atuhaire AM, Mugerwa S, Kabirizi JM, 
Okello S, Kabi F. “Production 
Characteristics of Smallholder Dairy 
Farming in the Lake Victoria Agro-
ecological Zone , Uganda,” Front. Sci. 
2014;4(1)12–19. 
11. Rufino MC, Herrero M, Van Wijk MT, 
Hemerik L, De Ridder N, Giller KE. 
“Lifetime productivity of dairy cows in 
smallholder farming systems of the central 
highlands of Kenya,” Animal. 
2009;3(7):1044–1056. 
12. King JM, Parsons DJ, Turnpenny JR, 
Nyangaga J, Bakari P, Wathes CM, 
“Modelling energy metabolism of Friesians 
in Kenya smallholdings shows how heat 
stress and energy deficit constrain milk 
yield and cow replacement rate,” Anim. 
Sci. 2006;82(5):705–716. 
13. Henderson B et al. “Closing system-wide 
yield gaps to increase food production and 
mitigate GHGs among mixed crop-
livestock smallholders in Sub-Saharan 
Africa,” Agric. Syst. 2016;143:106–113. 
14. Negesse T. “Feed Resource Availability 
and their Nutrient Contribution for livestock 
Evaluated Using Feed Assessment Tool 
(FEAST) in Burie Zuria District, North 
Western Ethiopia,” Agric. Res. Technol. 
Open Access J. 2019;17(3)1–10. 
15. Chagunda MGG et al. “Assessing and 
managing intensification in smallholder 
dairy systems for food and nutrition 
security in Sub-Saharan Africa,” Reg. 











16. Ongadi MP. “Bio-economic performance of 
grade dairy cattle in mixed small scale 
farming systems of Vihiga, Kenya,”. 
2014;31–47. 
17. Ongadi PM, Wakhungu JW, RG. Wahome, 
and L. O. Okitoi, “Characterization of grade 
dairy cattle owning households in mixed 
small scale farming systems of Vihiga, 
Kenya,” Livestock Research for Rural 
Development. 2007;19(3). 
18. Lukuyu B, Franzel S, Ongadi PM, Duncan 
AJ. “Livestock feed resources: Current 
production and management practices in 
central and northern rift valley provinces of 
Kenya,” Livest. Res. Rural Dev. 2011;23:5. 
19. Hristov AN et al., “SPECIAL TOPICS -- 
Mitigation of methane and nitrous oxide 
emissions from animal operations: I. A 
review of enteric methane mitigation 
options,” J. Anim. Sci. 2013;91:11:5045–
5069. 
20. Maleko D, Msalya G, Mwilawa A, Pasape 
L, Mtei K. “Smallholder dairy cattle feeding 
technologies and practices in Tanzania: 
failures, successes, challenges and 
prospects for sustainability,” Int. J. Agric. 
Sustain. 2018;16(2):201–213. 
21. Mugisha A, Kayiizi V, Owiny D, Mburu J. 
“Breeding services and the factors 
influencing their use on smallholder dairy 
farms in central Uganda,” Vet. Med. Int; 
2014. 
22. Lukuyu MN, Gibson JP, Savage DB, Rao 
EJO, Ndiwa N, Duncan AJ, “Farmers’ 
Perceptions of Dairy Cattle Breeds, 
Breeding and Feeding Strategies: A Case 
of Smallholder Dairy Farmers in Western 
Kenya,” East African Agric. For. J. 
2019;83(4):351–367. 
23. Guadu T, Abebaw M. “Challenges, 
Opportunities and Prospects of Dairy 
Farming in Ethiopia: A Review,” World J. 
Dairy Food Sci. 2016;11(1):1–9. 
24. Herrero M et al. “Understanding Livestock 
Yield Gaps for Poverty Alleviation , Food 
Security and the Environment,” LiveGaps 
Final Rep; 2016. 
25. Msangi S, Enahoro D, Herrero M, Magnan 
N, Havlik P. “Integrating livestock feeds 
and production systems into agricultural 
multi-market models : The example of 
IMPACT,” Food Policy. 2014;49:365–         
377. 
26. Moran J. “Tropical Dairy Farming,” 
2005;312. 
27. Muli AN. “Factors Affecting Amount Of 
Water Offered To Dairy Cattle In Kiambu 
District And Their Effects On Productivity. 
MSc Thesis,” 2000;101. 
28. Kamal M, Iqbal D, Khaleduzzaman A. 
“Supplementation of maize-based 
concentrates and milk production in 
indigenous cows,” Bangladesh Vet. 
1970;26(2):48–53. 
29. Niyonzima T, Stage J, Uwera C. “The 
value of access to water: Livestock farming 
in the Nyagatare District, Rwanda,” 
Springerplus. 2013;2(1):1–6. 
30. Amenu K, Markemann A, Roessler R, 
Siegmund-Schultze M, Abebe G, Valle 
Zárate A. “Constraints and challenges of 
meeting the water requirements of 
livestock in Ethiopia: Cases of Lume and 
Siraro districts,” Trop. Anim. Health Prod. 
2013;45(7):1539–1548. 
31. Amenu K, Markemann A, Valle Zárate A. 
“Water for human and livestock 
consumption in rural settings of Ethiopia: 
Assessments of quality and health 
aspects,” Environ. Monit. Assess. 
2013;185(11):9571–9586. 
32. Cañas RC, Quiroz RA, León-Velarde C, 
Posadas A, Osorio J. “Quantifying energy 
dissipation by grazing animals in harsh 
environments,” J. Theor. Biol. 
2003;225(3):351–359. 
33. Ngongoni NT, Mapiye C, Mwale M, Mupeta 
B. “Factors affecting milk production in the 
smallholder dairy sector of                
Zimbabwe,” Livest. Res. Rural Dev. 
2006;18(6):89. 
34. Eugene M. “Rheology : Open Access 
Characterization of Cattle Production 
Systems in Nyagatare District of Eastern 
Province , Rwanda,” 2017;1(2):1–21. 
35. Wanapat M et al., “Feeding tropical dairy 
cattle with local protein and energy 
sources for sustainable production,” J. 
Appl. Anim. Res. 2017;2119:1–5. 
36. Khan M, Peters K, Uddin M. “Feeding 
Strategy For Improving Dairy Cattle 
Productivity In Small Holder Farm In 
Bangladesh,” Bangladesh J. Anim. Sci. 
2012;38(1–2):67–85. 
37. Duncan AJ et al., “Supporting smallholder 
farmers’ decisions on legume use in East 
Africa – the LegumeCHOICE approach,” 
Asp. Appl. Biol. 2018;138:85–92. 
38. Baudron F, Jaleta M, Okitoi O, Tegegn A. 
“Agriculture , Ecosystems and 
Environment Conservation agriculture in 
African mixed crop-livestock systems : 
Expanding the niche,” "Agriculture, 











39. Place F, Roothaert R, Maina L, Franzel S, 
Sinja J, Wanjiku J. The Impact of Fodder 
Shrubs on Milk Production and Income 
Among Smallholder Dairy Farmers in East 
Africa and the Role of Research 
Undertaken by the World Agroforestry 
Centre. 2009;12. 
40. Paul Katiku S. “Utilisation of LIFE-SIM as a 
Management Decision Support Tool for 
Smallholder Farms in Kenya,” J. Anim. Sci. 
Adv. 2014;4(2):710–721. 
41. Onyango AA, Dickhoefer U, Rufino MC, 
Butterbach-bahl K, Goopy JP. “Temporal 
and spatial variability in the nutritive value 
of pasture vegetation and supplement 
feedstuffs for domestic ruminants in 
Western Kenya,”. 2019;32(5):637–647. 
42. Smith T. “On-Farm Treatment of straws 
and stovers with urea,” Dev. F. Eval. Anim. 
Feed Suppl. Packag. 2000;1–170. 
43. Lukuyu B, Franzel S, Mudavadi PO, 
Duncan AJ. “Livestock feed resources: 
Current production and management 
practices in central and Northern rift valley 
provinces of Kenya East Africa Dairy 
Development Project: Feed Development 
Component View project Nile Basin 
Development Challeneg (NBDC) 
programme V. 2011;23(5):1–17. 
44. Bebe BO. “Effects of feeding systems and 
breed of cattle on reproductive 
performance and milk production on 
smallholder farms,” Uganda J. Agric. Sci. 
2004;9(1)2:558–563. 
45. Herrero M et al., “Greenhouse gas 
mitigation potentials in the livestock 
sector,” Nat. Clim. Chang. 2016;6(5):452–
461. 
46. Mburu LM. “Effect of Seasonality of                  
Feed Resources on Dairy Cattle 
Production in Coastal Lowlands of Kenya; 
2015. 
47. Hoffmann I. “Climate change and the 
characterization, breeding and 
conservation of animal genetic resources,” 
Anim. Genet., vol. 41, no. SUPPL. 1, pp. 
32–46, 2010. 
48. Muia JMK. Use of napier grass to improve 
smallholder milk production in Kenya; 
2000. 
49. Dove H. “Feed supplementation blocks. 
Urea-molasses multi-nutrient blocks: 
simple and effective feed supplement 
technology for ruminant agriculture,” Grass 
Forage Sci. 2009;64(1):106–106. 
50. Rojas-Downing MM, Nejadhashemi AP, 
Harrigan T, Woznicki SA. “Climate change 
and livestock: Impacts, adaptation, and 
mitigation,” Clim. Risk Manag. 
2017;16:145–163. 
51. Totty VK, Greenwood SL, Bryant RH, 
Edwards GR. “Nitrogen partitioning and 
milk production of dairy cows grazing 
simple and diverse pastures,” J. Dairy Sci. 
2013;96(1):141–149. 
52. Hristov AN, Ropp JK. “Effect of dietary 
carbohydrate composition and availability 
on utilization of ruminal ammonia nitrogen 
for milk protein synthesis in dairy cows,” J. 
Dairy Sci. 2003;86(7):2416–2427. 
53. Winsten J et al., “Oral Nutritional 
Supplements for Parturient Dairy Cows,” J. 
Dairy Sci. 2008;97(1):225–234. 
54. Baudron F, Jaleta M, Okitoi O, Tegegn A. 
“Conservation agriculture in African mixed 
crop-livestock systems: Expanding the 
niche,” "Agriculture, Ecosyst. Environ; 
2013. 
55. Agnew RE, Yan T. “Impact of recent 
research on energy feeding systems for 
dairy cattle,” Livest. Prod. Sci. 
2000;66(3):197–215. 
56. Kashongwe BO, Bebe BO, Ooro PA, Migwi 
PK, Onyango TA. “Integrating 
Characterization of Smallholders’ Feeding 
Practices with On-Farm Feeding Trials to 
Improve Utilization of Crop Residues on 
Smallholder Farms,” Adv. Agric. 2017;1–7. 
57. Ngongoni NT, Mapiye C, Mwale M, Mupeta 
B, Chimonyo M. “Potential of farm-
produced crop residues as protein sources 
for small-medium yielding dairy cows,” 
African J. Agric. Res. 2007;2(7):309–317. 
58. Keba HT, Madakadze IC, Angassa A, 
Hassen A. “Nutritive value of grasses in 
semi-arid rangelands of Ethiopia: Local 
experience based herbage preference 
evaluation versus laboratory analysis,” 
Asian-Australasian J. Anim. Sci. 
2013;26(3):366–377. 
59. Onyango AA. “Contribution of smallholder 
ruminant livestock farming to enteric 
methane emissions in Lower Nyando, 
Western Kenya,” no. 2018;196. 
60. Makau DN et al., “Effects of Calliandra and 
Sesbania on Daily Milk Production in Dairy 
Cows on Commercial Smallholder Farms 
in Kenya,” Vet. Med. Int; 2020. 
61. Singh VP, Dubey M, Chaubey AK. 
“Seasonal Influence on Milk Production 
Performance in Different Breeds of Dairy 
Cows.,” Environ. Ecol. 2015;33:371–374. 
62. Bakrie E, Liang E, Tareque AMM. 











Tropics and Subtropics,” Aust. Cent. Int. 
Agric. Res. 1996;45–87. 
63. Paul SS, Mandal AB, Mandal GP, Kannan 
A, Pathak NN. “Deriving nutrient 
requirements of lactating indian cattle 
under tropical condition using performance 
and intake data emanated from feeding 
trials conducted in different research 
institutes,” Asian-Australasian J. Anim. Sci. 
2004;17(6):769–776. 
64. Von Keyserlingk MAG, Weary DM. 
“Review: Feeding behaviour of dairy cattle: 
Meaures and applications,” Can. J. Anim. 
Sci. 2010;90(3):303–309. 
65. Wang Y, Mcallister TA. “Rumen Microbes , 
Enzymes and Feed Digestion-A Review; 
2002. 
66. Hart KD, McBride BW, Duffield TF, 
DeVries TJ. “Effect of frequency of feed 
delivery on the behavior and productivity of 
lactating dairy cows,” J. Dairy Sci. 
2014;97(3):1713–1724. 
67. Mäntysaari P, Khalili H, Sariola J. “Effect of 
feeding frequency of a total mixed ration 
on the performance of high-yielding dairy 
cows,” J. Dairy Sci. 2006;89(11):4312–
4320. 
68. Van Soest PJ, Robertson JB, Lewis BA. 
“Methods for Dietary Fiber, Neutral 
Detergent Fiber, and Nonstarch 
Polysaccharides in Relation to Animal 
Nutrition,” J. Dairy Sci. 1991;74(10):3583–
3597. 
69. Schwab CG, Tylutki TP, Ordway RS, 
Sheaffer C, Stern MD. “Characterization of 
proteins in feeds,” J. Dairy Sci. 2003;86(1). 
70. Corbett JL, Freer M. “Past and present 
definitions of the energy and protein 
requirements of ruminants,” Asian-
Australasian J. Anim. Sci. 2003;16(4):609–
624. 
71. Turinawe A. “Socio-Economic Evaluation 
of Improved Forage Technologies in 
Smallholder Dairy Cattle Farming Systems 
in Uganda,” 2012;4(3):163–174. 
72. Bwire JMB, Wiktorsson H. “Effect of 
supplementary feeding strategies on the 
performance of stall fed dual-purpose dairy 
cows fed grass hay-based diets,” Asian-
Australasian J. Anim. Sci. 2003;16(3):359–
367. 
73. Ongadi PM, Wahome RG, JWakhungu 
JW, Okitoi LO. “Modeling the influence of 
existing feeding strategies on performance 
of grade dairy cattle in Vihiga, Kenya,” 
Livestock Research for Rural 
Development. 2010;22(3):56. 
74. Ongadi PM, Wahome RG, Wakhungu JW, 
Okitoi LO, Otieno K. “Bio-economic 
analysis of expenditure on inputs and 
output value from crops and grade dairy 
cattle sub systems in Vihiga, Kenya,” 
Livestock Research for Rural 
Development. 2006;18(1). 
75. Val-Arreola O, Kebreab E, France J. 
“Modeling small-scale dairy farms in 
central Mexico using multi-criteria 
programming,” J. Dairy Sci. 
2006;89(5):1662–1672. 
76. Thornton PK, Ericksen PJ, Herrero M, and 
Challinor AJ. “Climate variability and 
vulnerability to climate change: A review,” 
Glob. Chang. Biol. 2014;20(11):3313–
3328. 
77. Tadesse G. “Impact of Climate Change on 
Smallholder Dairy Production and Coping 
Mechanism in Sub-Saharan Africa - 
Review,” Agric. Res. Technol. Open 
Access J. 2018;16(4). 
78. Thornton PK,  van de Steeg J, Notenbaert 
A, Herrero M. “The impacts of climate 
change on livestock and livestock systems 
in developing countries: A review of what 
we know and what we need to know,” 
Agric. Syst. 2009;101(3):113–127. 
79. Marshall K et al. “Livestock genomics for 
developing countries - African examples in 
practice,” Front. Genet. 2019;10:1–13. 
80. Ceruiyot EK, Bett RC, Amimo JO, Mujibi 
FDN. “Milk composition for admixed dairy 
cattle in Tanzania,” Front. Genet. 
2018;9:1–12. 
81. Chawala AR, Banos G, Komwihangilo DM, 
Peters A, Chagunda MGG. “Phenotypic 
and genetic parameters for selected 
production and reproduction traits of 
Mpwapwa cattle in low-input production 
systems,” South African J. Anim. Sci. 
2017;47(3):307–319. 
82. Wachirapakorn C, Pilachai K, Wanapat M, 
Pakdee P, Cherdthong A. “Effect of ground 
corn cobs as a fiber source in total mixed 
ration on feed intake, milk yield and milk 
composition in tropical lactating crossbred 
Holstein cows,” Anim. Nutr. 2016;2(4):334–
338. 
83. Niemann H, Kuhla B, Flachowsky G. 
“Perspectives for feed-efficient animal 
production,” J. Anim. Sci. 
2011;89(1)2:4344–4363. 
84. Baudracco J, Lopez-Villalobos N, Holmes 
CW, Macdonald KA. “Effects of stocking 
rate, supplementation, genotype and their 











review,” New Zeal. J. Agric. Res. 
2010;53(2):109–133. 
85. Williams R et al., “The matrix                             
of good management: defining good 
management practices and                 
associated nutrient losses across         
primary industries,” Occas. Rep. 
2014;27:8. 
______________________________________________________________________________ 
© 2020 Mudavadi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 





The peer review history for this paper can be accessed here: 
http://www.sdiarticle4.com/review-history/59895 
